Abstract: Bontǎu is a major eroded composite volcano filling the Miocene Zǎrand extensional basin, near the junction between the Codru-Moma and Highiș-Drocea Mountains, at the tectonic boundary between the South and North Apuseni Mountains. It is a quasi-symmetric structure (16-18 km in diameter) centered on an eroded vent area (9×4 km), buttressed to the south against Mesozoic ophiolites and sedimentary deposits of the South Apuseni Mountains. The volcano was built up in two sub-aerial phases (14-12.5 Ma and 11-10 Ma) from successive eruptions of andesite lava and pyroclastic rocks with a time-increasing volatile budget. The initial phase was dominated by emplacement of pyroxene andesite and resulted in scattered individual volcanic lava domes associated marginally with lava flows and/or pyroclastic block-and-ash flows. The second phase is characterized by amphibole-pyroxene andesite as a succession of pyroclastic eruptions (varying from strombolian to subplinian type) and extrusion of volcanic domes that resulted in the formation of a central vent area. Numerous debris flow deposits accumulated at the periphery of primary pyroclastic deposits. Several intrusive andesitic-dioritic bodies and associated hydrothermal and mineralization processes are known in the volcano vent complex area. Distal epiclastic deposits initially as gravity mass flows and then as alluvial volcaniclastic and terrestrial detritic and coal filled the basin around the volcano in its western and eastern part. Chemical analyses show that lavas are calc-alkaline andesites with SiO 2 ranging from 56-61%. The petrographical differences between the two stages are an increase in amphibole content at the expense of two pyroxenes (augite and hypersthene) in the second stage of eruption; CaO and MgO contents decrease with increasing SiO 2 . In spite of a ∼4 Ma evolution, the compositions of calc-alkaline lavas suggest similar fractionation processes. The extensional setting favored two pulses of short-lived magma chamber processes.
Introduction
In the Apuseni Mountains, Neogene magmatism produced four NW-SE volcano-intrusive areas [1] , between 14.7 to 7.4 Ma and ended with a brief small-volume eruption at ∼1.6 Ma (Uroi) [1] [2] [3] . The studied volcano is situated at the junction between the Codru-Moma and Highiș-Drocea Mts., at the tectonic boundary between the South and North Apuseni tectonic units (see inset Figure 1 ) [4] [5] [6] . An extensional regime in the Apuseni area during Middle Miocene time [4, 7, 8] was responsible for magma generation due to decompression melting of upper lithosphere/lower crust during eastward translation and clockwise rotation of the Intra-Carpathian blocks [1, [9] [10] [11] . This was probably coupled to asthenosphere upwelling and a higher thermal regime favoring partial melting and mixing processes [1, 11] . The largest continuous volcanic area is ca. 100 km across and developed mainly in the Zǎrand depression, a continuation of the Békés Basin to the west in Hungary [8, 12] (Figure 1 ). Although there are numerous geological studies concerning this basin [13, 14] which evolved during Miocene times, only few authors considered the volcanological aspects. Previous studies were focused on the petrography and geochemistry [15, 16] . Based on borehole data, [17, 18] the intrusive rocks and associated hydrothermal alteration and mineralization processes that occur in the central part of the volcanic structure (vent-complex) were discussed, naming it a caldera (i.e. Talagiu caldera) without referring to any clear evidence of volcanic collapse origin.
This note focused on the first volcanological interpretations of the largest composite volcano that fills the Zǎrand basin between Codru-Moma Mts. to the north and Highiș-Drocea Mts. to the south (Figure 1 ). We named this composite volcano "Bontǎu volcano" after its highest peak (∼824 m). In support of our volcanological observations, we present seven new K-Ar age determinations, petrography and major element geochemistry of the constituent volcanic rocks. Table 1 as current numbers for the new data and with original sample numbers for previously published data; Legend: 1. First phase represented by volcanic deposits dominated by pyroxene andesites-proximal and medial facies; 2. Second phase with amphibole-pyroxene andesites-proximal and medial facies; 3. Ring-plane association with distal epiclastic deposits associated with terrestrial fluvial deposits developed in the Zǎrand Basin in its eastern and western parts. The inset shows the position of the volcano in the Zǎrand Basin between the two main tectonic units of the Apuseni Mts: North Apuseni (NA) and South Apuseni (SA).
Volcanological features
In this study we recorded geological profiles on outcrops along the main radial valleys cutting the volcano. We estimated a fairly good preservation of cone morphology that represented its proximal and medial facies (Figure 1 ). The volcano was built up in two phases showing different Pyroxene andesites-bearing pyroclastic block-and-ash-flow deposit, showing various size angular clasts (compact to slightly porous) in a monolithic matrix of the same composition -north-eastern part of the volcano; C. Monolithic pyroxene andesite autoclastic breccia with various size angular clast, poor in a lapilli-size matrix of the same composition -south-eastern part of the volcano; D. Marginal fragmentation of a pyroxene andesite lava flow with the appearance of vesiculated and oxidized clinker -north-eastern part of the volcano; E. Sequences in stratified debris flows deposits, of dm to m size, dominated by pyroxene andesite clastssouth-eastern slope of the volcano; F. 2 m thick-bedded matrix-supported lapilli tuff rich in cm-dm size pumice and rare scoria clasts of amphibole-pyroxene andesites, typical for pyroclastic flow deposits -south-eastern slope of the volcano; G. Cm-dm size juvenile pumice (brighter) and scorias (darker) clasts embedded in an ash-matrix characterizing a pyroclastic flow deposit -south-western part of the volcano; H. Debris flow deposits (channeling features clearly visible) represented by massive or reversely graded muddy matrix-supported sandstones and conglomerates -south-eastern slope of the volcano.
volcanological features.
The first phase was a succession of pyroxene andesite eruptions that formed scattered individual volcanic lava domes ( Figure 2A ) marginally associated with lava flows, autoclastic and pyroclastic breccia ( Figure 2B ) and secondary deposits. Several lava flows presented marginal fragmentation with the appearance of vesiculated and oxidized clinker ( Figure 2D ) that sometimes passed into monolithic autoclastic breccia ( Figure 2C ) or debris-flow deposits of the same composition ( Figure 2E ). It is difficult at this stage to determine the distribution of their eruptive centers; however, they seem to be spread out in a larger area covered by the products of the later central volcano. Flank lavas issued from the main central vent area are morphologically suggested by an elliptic depression (4×9 km large). The second phase was dominated by pyroclastic deposits and associated secondary epiclastic deposits, mainly as debris flows, with amphibole-pyroxene andesite as the main lithology. Since the volcano is much more eroded in its northern part, where it has been cut by the main Criș valley which crosses the Zǎrand Basin from E to W, the second phase deposits are less well exposed. A summary of the main volcaniclastic facies of this phase is given in Table 1 . All the pyroclastic flow deposits have a mixture of light-colored pumice and dark-colored scoria as juvenile components. The volcano shows a conical shape and a concave-upward Table 1 . Summary of the main volcaniclastic facies of the second phase volcano evolution.
Code Brief description
Occurrence Interpretation A Thick-bedded massive lapilli tuff; 2-5 m thick ( Figure 2F ), matrix supported; poorly sorted ash-matrix; cm-dm size amphibolepyroxene juvenile andesite pumice and scoria (with variable dominance) ( Figure 2G ), sometimes normally graded; rare cm-sized pyroxene andesite lithic clast; tabular bed geometry; Medial to distal facies Diluted debris-flow and fluvial deposits generated by traction and suspension from poorly consolidated pyroclastic flow or fall deposits reworked between eruption events profile typical for composite volcanoes worldwide [20] being buttressed to the south against Late Jurassic to Late Cretaceous ophiolites and sedimentary deposits of the South Apuseni tectonic unit. The volcanic cone has been affected by long-term degradation, mostly via fluvial erosion ( Figure 1 ). The vent area has also been deeply eroded and enlarged, and probably this was the only reason it was considered as a "caldera" resulting from collapse [16] . The central vent area displays a larger central intrusion (diorite-microdiorite) associated with pervasive hydrothermal alteration and gold, base metals and copper mineralization and neck and dyke intrusions of amphibolepyroxene andesites [17, 18] ; yet the relationships between the large and small intrusions are not known; it is assumed that small intrusions are younger [18] . The basal diameter of the volcano is 16-18 km and the suggested volume is ∼250 km 3 . The ring-plain apron developed in the western and the eastern parts of the volcano is represented by distal epiclastic deposits associated with terrigeneous fluvial sediments and coal, filling the central part of the Zǎrand Basin [13, 21] (Figure 1 ). These distal deposits have not yet been studied and correlated with medial and proximal facies deposits.
Lifetime of the Bontǎu volcano
Seven new (see their locations in Figure 1 ) and two previously published [2] radiometric (K/Ar) age determinations (Table 2 ) provide a time-span framework for volcanic activity between 13.8-10 Ma ±0.33-0.45. Two samples were collected on the south-eastern slope of the volcano and another two from its central vent-complex. Analytical methods are given in the Appendix. The first phase, represented mainly by the pyroxene andesite dome and breccia, apparently occurred in a longer time interval, between 13.8-12.0 Ma (Figure 4) . The available radiometric ages suggest a gap in activity. A second phase of volcanic eruptions occurred between 11 and 10 Ma ±0.33-0.45. These data should be considered as preliminary and further geochronological investigations are needed.
Petrography and geochemistry
The lava flows and domes are massive and strongly porphyritic. Phenocrysts form 30-50% of the rock volume. Groundmass textures vary from vitrophyric in quenched lavas to fine intergranular (sometimes vesiculated) to larger intergranular in slowly cooled lavas and intrusive facies. Plagioclase is the most common phenocryst phase and makes up to 60-70% by volume of most rocks (Figure 3C) . It has variable An contents (30-70% in microprobe analysis). Sieve texture and complex zoning are common. Clinopyroxene (augite) and orthopyroxene (hypersthene) are also common mafic mineral phases ( Figures 3C, D) , sometimes appearing as glomerophyric inclusions associated with plagioclase and opaque minerals. Rims of augite over hypersthene also occur. Amphibole is typical for amphibole-pyroxene andesite rocks; it is of brown-green color and rarely has reaction rims ( Figure 3E ). Opaque minerals are represented by magnetite, being included in all important mineral phases as well as in the groundmass ( Figures 3C, F) . The geochemical considerations are based on the major oxide concentrations (Table 3 ). Besides our own data (analytical methods are given in the Appendix), we plotted previously published data [1] as well, belonging to this volcano, but also to adjacent volcanic structures. All the rocks plot in the andesite field in the TAS diagram, and fall in the medium-K calc-alkaline field in the K 2 O-SiO 2 diagram ( Figures 5A, B) . Only CaO and MgO contents decrease with increasing SiO 2 .
Discussion and conclusions
Bontǎu is a typical composite volcano that developed in two phases. During the first phase pyroxene andesite domes generated marginal breccia (autoclastic, pyroclastic block-and-ash-flow deposits) and secondary debris flows. The eruption of the second phase was dominantly explosive and rarely non-explosive and produced volcanic domes. Large volumes of volcaniclastic deposits were produced during the second stage, suggesting an increase in both volatile content and viscosity of the magma prone to a larger production of fragmented, mainly pyroclastic material. The mixture of juvenile components such as contrasting colored pumice and scoria (attesting to variable vesicularity) in the main pyroclastic flow deposits suggest a variation in the height of the eruption column with variable intensity, depending on the increasing volatile content from strombolian to subplinian [19] . The first eruptive phase developed between 13.8-12 Ma from scattered volcanic centers, and the second one focused at the central vent area generated a cone shaped volcanic edifice between 11-10 Ma. Petrographically the second phase is built up of amphibole-pyroxene andesite.
Its duration of ca. 1 Ma is rather typical for composite volcanoes elsewhere in the world [22, 23] , but this was a continuation of ca. 3 Ma of prior activity roughly in the same area resulting in a number of scattered smaller volcanoes of pyroxene andesite composition. Preservation of the typical cone morphology (Figure 1 ) suggests that the erosion was not able to destroy its initial shape; we estimate that erosion has removed less than 1000 m during the last ∼10 Myr. The major oxide distribution along petrographical data support minor fractional crystallization processes during evolution of the magmas in crustal-level chambers, compatible with the extensional setting that not favored long stage magma chamber processes. The volcano is similar in dimensions and length of volcanic activity with any composite volcano in subduction-related systems even though it evolved in an extensional setting. Further detailed volcanological and geochemical studies are needed to better quantify the volcano evolution. constructive reviews which have significantly improved the quality of the original manuscript.
Appendix

Analytical methods
For major element geochemistry, 1.5-4 g of each sample was heat-sealed in teflon (FEP) foils with the sizes of about 20×30 mm 2 . The measurements were performed at the prompt gamma activation analysis facility of the Budapest Research Reactor (BRR). The instrument is located at the end of a cold neutron beam, which is extracted from the cold neutron source of the 10 MW research reactor. The neutrons are guided 35 m away from the reactor core by means of evacuated, curved, horizontal guides without significant loss. The samples were irradiated in a cold neutron beam with a flux of 1.2×108 cm −2 s −1 . The cross-section of the neutron beam during the measurement was collimated to 1 cm 2 or to 44 mm 2 . The neutron flux has been proved to be stable during the reactor cycles and homogeneous in the area of the beam. Because the samples are practically transparent to neutrons, average bulk compositions of the investigated volume are obtained. All the samples were thinner than 5 mm; thus the corrections for the self-absorption of neutrons and gammaphotons were negligible. The emitted gamma radiation was detected with a High Purity Germanium detector, surrounded by a Bismuth Germanate scintillator; the signals were processed with a multi-channel analyzer. The measurement system has been described by [24] . The measurement time for each individual sample varied between 1500 and 4100 s. The measurement times were set to achieve acceptable accuracies for the major components and B. The spectra were fitted with Hypermet-PC software; the element identification was performed using our prompt-gamma library [25] and evaluated with an Excel macro developed by [26] . Methodology of the whole rock K/Ar measurements used in the laboratory of the Hungarian Academy of Sciences in Debrecen: Individual rocks samples were crushed and sieved to separate the fraction 250-500 μ for Ar analysis. It was degassed by high frequency induction heating, the usual getter materials (titanium sponge, CaO, SAES getter and cold traps) being used to clean argon. A 39 Ar spike was introduced to the system from a gas pipette before the degassing started. Cleaned argon was directly introduced into the mass-spectrometer. The mass spectrometer was the magnetic sector type of 150 mm radius and 90 o deflection. It was operated in a static mode. Recording and evaluation of the Ar spectra was controlled by a microcomputer. To determine potassium content 0.1 g of pulverized samples were digested in HF with addition of sulfuric and perchloric acids. The digested sample was dissolved in 100 ml 0.25 mol l −1 HCl. After a subsequent fivefold dilution 100 ppm Na and 100 ppm Li were added as a buffer and internal standard. K concentrations were measured by the digitized flame photometer OE-85 manufactured in Hungary. The interlaboratory standards Asia 1/65, LP-6, HD-B1, and GL-O as well as atmospheric Ar were used to control the measurements. Details of the instruments, applied methods, and calibration results have been published in [27] .
